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Abstract:

Introduction: Tumor size is an important factor in determining the appropriate clinical management of intradural-
extramedullary schwannoma. A tumor volume reduction may be achieved by conservative targeted therapy instead of inva-
sive surgery if a molecular event related to tumor size is discovered. Insulin-like growth factor II messenger RNA-binding
protein 3 (IMP3), an oncofetal tumor-associated antigen that is expected to be a target for immunotherapy, was focused on
in this study.

Methods: The IMP3 status was assessed by immunohistochemistry in 64 samples of intradural-extramedullary schwan-
noma, and the correlation between IMP3 expression and tumor size was evaluated.

Results: Immunohistochemically, high IMP3 expression was observed in ~85% of schwannomas. The maximum tumor
diameter of the high IMP3 expression group was significantly larger than that of the low IMP3 expression group (34.3 mm
vs 18.5 mm, p=0.002). The receiver operating characteristic curve demonstrated that a maximum tumor diameter of 24 mm
was a predictable factor for IMP3 expression (sensitivity, 0.7; 1—specificity, 0.2; area under the curve, 0.82).

Conclusions: Upregulated IMP3 expression was associated with large tumor size, suggesting a possible therapeutic ap-

proach.
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Introduction

Schwannomas are typically benign tumors that arise from
Schwann cells of the nerve sheath”. Spinal schwannomas
cause few subjective symptoms because of their slow
growth. However, large lesions present aggressive behavior
with local pressure on the nerves and spinal cord. Spinal
schwannoma with sensory or motor disturbance requires tu-
mor resection in combination with a laminotomy. Patients
with sacral lesions or multiple schwannomas require inva-
sive surgery although minimally invasive procedures are
preferable because of the potential functional damage”.
However, tumor volume reduction may be achieved by con-
servative targeted therapy if a molecule related to tumor size

is identified. However, no well-characterized upregulated
protein was noted in schwannoma.

Insulin-like growth factor II messenger RNA-binding pro-
tein 3 (IMP3), an oncofetal tumor-associated antigen, is ex-
pected to be a target for antigen-specific cancer immuno-
therapy”. IMP3 binds to the 5' untranslated region of IGF-II
leader-3 mRNA as a translational activator, controlling cell
proliferation”. IMP3 is a prognostic biomarker for several
malignant tumors including renal cell carcinoma and hepato-
cellular carcinoma but is expressed at low or undetectable
levels in normal mature tissues and benign tumors™”. It is
believed that little is known about IMP3 expression patterns
in schwannoma.

Previous studies revealed that the RAF/mitogen-activated
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Table 1. Clinicopathological Parameters of 64 Schwannomas.
Variable Group No.

Sex Male 32
Female 32

Age (12-87, mean: 53) <53 30
>53 34

Tumor maximum diameter (6—140, <26 mm 29
mean: 26) >26 mm 35
Vertebral column Cervix 18
Thoracic 23

Lumbar 17

Sacrum 6

Schwannomatosis Yes 11
No 53

Histological subtype Conventional 59
Cellular 5

[Abbreviations] No., number of patients

kinase (MEK)/extracellular signal-regulated kinase (ERK)
pathway was activated in schwannomas''”, and IMP3 acti-
vated MEK/ERK signaling in the progression of several can-
cers™”. This study aims to investigate the IMP3 expression
in schwannoma to confirm its value as a candidate for tar-
geted therapy.

Materials and Methods

Patients and tissue samples

The current study included 64 tumors obtained from 64
cases diagnosed as schwannoma. The samples were surgi-
cally resected tumors, and all surgeries were performed at a
single facility between 2007 and 2012. The maximum tumor
diameter was measured by preoperative magnetic resonance
imaging. The diagnosis was confirmed by experienced bone
and soft-tissue pathologists following the most recent World
Health Organization (WHO) classification. The histological
subtypes of the tumors, conventional or cellular variants,
were also determined. Conventional schwannomas are char-
acterized by the proliferation of spindle-shaped cells with
Verocay bodies (Antoni A) accompanied by loose cellular
myxoid stroma (Antoni B). A cellular schwannoma has pre-
dominantly cellular growth but no Verocay bodies". The tu-
mor was judged as cellular schwannoma rather than the con-
ventional variant in the current study if the area of high cel-
lularity was conspicuous or if mitotic figures were occasion-
ally detected.

Immunohistochemistry

Immunohistochemical staining was performed as de-
scribed'”. Antigen retrieval was undertaken by boiling the
slides with Target Retrieval Solution (Dako, Carpinteria, CA,
USA). Mouse primary antibodies against anti-CLDN 6 (1:50
dilution) and Ki-67 (MIB-1) (1:100 dilution) (Dako) were
used. The immune complex was detected with the EnVision
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Detection System (Dako) and the labeled antigens were
visualized by 3,3'-diaminobenzidine tetrahydrochloride as a
chromogen. A lymphoid follicle was used as a positive con-
trol for IMP3.

The immunohistochemical expression of IMP3 was evalu-
ated as previously described'®. Cytoplasmic staining was in-
terpreted following the maximum area of staining. The pro-
portion of cells immunoreactive for IMP3 was classified
subjectively as O (absent staining), +1 (1%-49%), and +2 (>
50%). The staining intensity for IMP3 was considered
strong if it was easily observed at a lower-power magnifica-
tion and weak if it was fuzzy at lower-power magnification.
The intensity was scored as follows: O=absent staining, +1=
weak, and +2=strong. A total score (proportion score+inten-
sity score) of +3 or +4 and less than +2 were considered to
be high and low expressions, respectively.

The MIB-1 labeling index was defined as the percentage
of immunoreactive cells divided by the total number of cells
in the evaluated area. Five viable fields from the area of
maximal labeling were chosen for counting.

Statistical analysis

Continuous variables are presented as the meanststandard
deviation. The chi-square or Fisher’s exact tests were used
as appropriate to evaluate the association between two vari-
ables. A two-sided p value of <0.05 was considered signifi-
cant. A receiver operating characteristic (ROC) curve was
created to predict IMP3 expression about the maximum tu-
mor diameter. The data analysis was conducted with the
JMP statistical software package (ver. 9.0.2; SAS Institute,
Cary, NC, USA).

Results

Clinicopathological findings

The clinicopathological parameters of 64 schwannomas
are summarized in Table 1. The patients included 32 men
and 32 women with an average age of 53 years (range, 12-
87 years) at the time of surgery. The median maximum di-
ameter of the tumors was 26 mm (range, 6-140 mm). The
vertebral column of tumors was cervical vertebrac (18
cases), thoracic vertebrae (23 cases), lumbar vertebrae (17
cases), and sacrum (six cases). The center of the tumor was
evaluated as the vertebral level if a tumor covered several
vertebral levels. Etiologically, 11 of 64 cases were diag-
nosed as multiple schwannomas. Histopathologically, 59 and
five conventional and 5 cellular schwannomas, respectively,
were included in the current study.

Immunohistochemistry

Representative hematoxylin-eosin and immunohistochemi-
cal staining for IMP3 are illustrated in Fig. 1. Serial sections
stained with hematoxylin-eosin and immunohistochemical
staining for IMP3 and S-100 protein were shown in Fig. 2.
The expression results are summarized in Table 2 and Fig.
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Figure 1.

Hematoxylin—eosin (a) and immunohistochemical (b and c) staining of schwannomas. Most schwannoma cells are

positive for IMP3. Mature neural (b, arrow) and endothelial (c, arrow) cells are negative for IMP3 (original magnification

x100).

Figure 2. Serial sections stained with hematoxylin-eosin (a), IMP3 (b) and S-100 protein (c) (Original magnification x200).

Table 2. Results of Immunohistochemical Staining for IMP3.

Positive Negative
Score 4 3 3 Total 2 0 Total
Proportion 2 (diffuse) 2 (diffuse) 1 (focal) 1 (focal) 0
Intensity 2 (strong) 1 (weak) 2 (strong) 1 (weak) 0
Schwannoma 41 (64.1%) 10 (15.6%) 3(4.7%) 54 (84.4%) 6(9.3%) 4(6.3%) 10 (15.6%)
(n=64)

3. High IMP3 expression was observed in 54 (84.4%) of 64
schwannomas (diffuse strong, 41; diffuse weak, 9; focal
strong, 4), whereas 10 (15.6%) of 64 schwannomas showed
low expression (focal and weak, 6; no expression, 4). No
difference in the result of IMP3 staining was noted between
the two components because the staining proportion and in-
tensity of Antoni A were equal to those of Antoni B. From
the point of the maximum tumor diameter, 33 (94.3%) of 35
cases with large tumors (226 mm) and 21 (72.4%) of 29
cases with small tumors (<26 mm) showed high IMP3 ex-
pression. The positivity ratio in the large tumor (226 mm)
group was significantly higher than that of the small tumor
(<26 mm) group (p=0.03). A case-control study that com-
pared the large tumor group with the small tumor group was
performed (Table 3). Thus, only the IMP3 high/low parame-
ter was relevant to tumor size (p=0.03). A multivariate
analysis (IMP3 high/low adjusted by age) was conducted
and determined that the IMP3 score was significantly corre-
lated with tumor size (odds ratio, 6.5; 95% confidence inter-
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val, 1.2-34.2; p=0.02) (Table 4).

As for the vertebral column, 17 (94.4%) of 18 cases in
the cervical vertebrae, 18 (78.3%) of 23 cases in the tho-
racic vertebrae, 13 (76.5%) of 17 cases in the lumbar verte-
brae, and six (100%) of six cases in the sacrum showed
high IMP3 expression. Etiologically, 10 (90.9%) of 11 mul-
tiple schwannomas and 44 (83%) of 53 solitary schwanno-
mas showed high IMP3 expression. Histopathologically, 49
(83.1%) of 59 conventional schwannomas and five (100%)
of five cellular schwannomas showed high IMP3 expression.

The average MIB-1 labeling index was 5% (range, 1%-
10%). IMP3 positivity and high MIB-1 index were not cor-
related with each other.

Correlation between tumor size and high IMP3 expression

The maximum tumor diameter of the high and low IMP3
groups was 34.3+21.1 and 18.5+7.4 mm, respectively. The
tumor size in the high IMP3 expression group was signifi-
cantly larger than that of low-expression group (p=0.002;
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Figure 3. Distribution of IMP3 expression following clinicopathological parameters. IMP3 expres-

sion in the large tumor (226 mm) group was significantly higher than that of the small tumor (<26 mm)

group.

Table 3. Univariate and Multivariate Analysis Comparing Small and Large Tumor

Size Groups.

Variables <25 mm (N=29) >26 mm (N=35) P value
Age (years) 54.7£16.5 51.5+18.1 0.58
Sex (male, female) 15/14 17/18 1.00
IMP3 high/low 21/8 33/2 0.03
Multiple schwannomatosis +/— 8/21 3/32 0.05
Subtype conventional/cellular 2712 32/3 1.00
Table 4. Logistic Regression Model.
. Large tumor size/ Odds ratio
Variable total cases (1) (95% CI) P value
IMP3 expression *
high 33/54 6.53 (1.2-34.1) 0.02
low 2/10

IMP3 Insulin-like growth factor IT messenger RNA-binding protein 3

a The variable was adjusted by age.

Fig. 4a). ROC curve demonstrated that a maximum tumor
diameter of 24 mm was a predictable factor for IMP3 ex-
pression, which maximized sensitivity (true positives) and
minimized 1-specificity (false positives; Fig. 4b). When the
cutoff value was 24 mm, sensitivity was 0.7 and 1-specific-
ity was 0.2. The area under the curve was 0.82, indicating
that this cutoff was highly accurate in predicting high IMP3
expression.

Discussion

The present study aims to identify an upregulated
biomarker related to tumor size in schwannoma. IMP3 was
focused on and its expression was evaluated by immunohis-

tochemistry. IMP3 expression was elevated in ~85% of
schwannomas and was correlated with large tumor size. The
maximum tumor diameter was a significant factor for high
IMP3 expression with a cutoff value of 24 mm.

Spinal schwannomas are treated surgically and do not re-
cur by gross total resection if they cause sensory or motor
disturbance if growing intraspinally. However, invasive sur-
gical procedures are needed to remove the sacral lesions. In
addition, patients with multiple schwannomas sometimes
have a plurality of surgeries, which may lead to functional
spine damage. Tumor size seems to be an important factor
in determining the appropriate clinical management. The
current study postulated that if a molecular event related to
the tumor size can be identified, volume reduction may be
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(a) Comparison of maximum tumor diameter between the high and low IMP3-expressing groups. The di-

ameter in the high IMP3 expression group was significantly greater than that in the low-expression group. (b) ROC

curve demonstrated that a maximum tumor diameter of 24 mm was the threshold value for high IMP3 expression.

achieved by the targeted therapy. Agnihotri et al. analyzed
the global gene sequence and revealed that the RAF/MEK/
ERK pathway was activated in some schwannomas'’. Am-
moun et al. also reported MEK/ERK pathway activation and
its role in schwannoma growth'”. In addition, a recent study
demonstrated that IMP3 activated MEK/ERK signaling in
the progression of colorectal or prostate cancer™'”, Consid-
ering these backgrounds, IMP3 is focused on and the ex-
pression pattern of IMP3 in schwannomas is evaluated.
IMP3 is ubiquitously expressed during embryogenesis,
and many malignancies show aberrant IMP3 overexpres-
sion®”. A recent clinical trial evaluated the effect of peptide
vaccination against head and neck squamous cell cancer, and
peptides including IMP3 were used in this trial”. Conse-
quently, the patient exhibited a complete response after the
vaccination. The current study showed that the IMP3 expres-
sion was elevated in ~85% of schwannomas. This is the
first report to indicate that IMP3 expression was elevated in
a benign tumor because previous articles showed that IMP
expression in reactive lesions and benign neoplasms were
generally low (0%-30%) by immunohistochemical analy-
sis™'”. The co-authors of the current study even reported that
schwannoma arising in the stomach showed negative stain-
ing for IMP3'". However, the gap in IHC results was certain
between these two types of schwannomas because the origin
of gastric schwannoma is completely different from that of
the spine'. As described above, the MEK/ERK pathway
was activated in schwannomas, and IMP3 activated MEK/
ERK signaling in the progression of several cancers. To sug-
gest a possible therapeutic approach, additional studies are
needed to verify the correlation between IMP3 and the path-
way in spinal schwannomas. Mancarellae et al. reported
ATP-binding cassette sub-family F member 1 (ABCFI)
mRNA, a target of IMP3, and concluded that high IMP3 ex-
pression together with lower ABCFI expression resulted in
poor prognosis'”. This molecule may be a candidate for fur-
ther study to clarify the molecular event relevant to IMP3.
The current study had several limitations. The IMP3

40

mechanism in schwannoma is unclear. In the current study,
the MIB-1 labeling index was not influenced by IMP3,
which suggests the absence of correlation between IMP3
and proliferation in schwannomas. However, Ki-67 antigen
is variably expressed depending on the phase of the cell cy-
cle, and the estimation of growth fraction only by the MIB-
1 labeling index may not be sufficient to measure prolifera-
tive activity™?”. Additional studies are needed to verify the
growing mechanism of schwannomas. The current study
yielded evidence that large tumor size was a significant risk
factor for high IMP3 expression and 24 mm was the thresh-
old value. This result suggests the possibility that IMP3 is
involved in tumor progression. However, tumor size does
not necessarily mean the capacity of tumor growth. The tu-
mor size depends on the timing of excision during the tumor
growth. Furthermore, small tumors cannot be detected be-
cause they do not cause neurological symptoms until they
become large enough. This means that the tumor size is in-
fluenced by various factors. Therefore, a limitation was
noted in effectively identifying causative factors or genes
that are related to the tumor size or growth. Currently, the
current study cannot conclude which hypothesis is appropri-
ate regarding whether IMP3 is upregulated because of tumor
growth or because higher IMP3 expression causes tumor
growth. However, epigenetic alternations in spinal schwan-
noma have not been reported. In addition, the proportion
and intensity of IMP3-positive cells in 90% of cases were
monotonous (diffuse or weak staining type) in the current
study, which implied fewer epigenetic alternations in spinal
schwannomas. Considering these backgrounds, higher IMP3
expression may cause tumor growth.

In conclusion, upregulated IMP3 expression was observed
in ~85% of schwannomas. High IMP3 expression was cor-
related with large tumor size, which suggests that IMP3 may
be a candidate for targeted therapy and lead to the volume
reduction of schwannomas. These cases may benefit from
targeted therapy because invasive surgical procedures are re-
quired to cure sacral lesions or patients with multiple
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schwannomas.
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